Salix psammophila (SP), a solid waste abundantly available, was applied as a precursor to prepare the activated carbon by chemical activation method using phosphoric acid (H 3 PO 4 ). Response surface methodology based on Box-Behnken design was used to optimize the prepared conditions of activated carbon. The effects of concentration of H 3 PO 4 , activation temperature and activation time on the adsorption performance (expressed by the adsorption capacity of ciprofloxacin hydrochloride (CIP) and norfloxacin (NOR)) were investigated. The optimum conditions were obtained using H 3 PO 4 concentration of 67.83%, activation temperature of 567.44 C and activation time of 86.61 min.
INTRODUCTION
Antibiotics, which are produced for the treatment of bacterial infections, are widely applied in human therapy and the livestock industry. Fluoroquinolone antibiotics (FQs) have been classified as the most important synthetic antibiotics in medicine for human and animals (Picó & Andreu ) . The persistence of FQs such as CIP and NOR may induce bacterial resistances and present a threat to aquatic organisms and human health (Ahmed & Theydan ) . They have been found in surface water, wastewater, effluents from hospitals and drug production facilities. Their continuous input and accumulation may increase the potential risk for ecological equilibrium and the health of human beings. Therefore, efficient removal of these contaminants has attracted considerable interest and become an increasingly important study.
So far several treatment methods for removing antibiotics have been developed, such as biological treatment, chlorination, advanced oxidation technology, the membrane process, photolytic degradation and adsorption (Bayramoglu et al. ; Salimi et al. ) . Among all methods, the adsorption technique using activated carbon as an adsorbent is one of the effective methods due to its ease of operation, simplicity of design, high efficiency and no risk of highly toxic byproducts (Ahmed & Theydan ) . However, commercially available activated carbons are still considered expensive. This is because of the use of non-renewable and relatively expensive raw materials such as coal, which is unreasonable in pollution control technology (Das & Mishra ) . Therefore, numerous researches have been carried out on activated carbon production from industrial and agricultural by-products, such as reedy grass leaves, bamboo, cotton stalks, coconut shells, and so on.
Salix psammophila (SP) is a perennial shrub with high percentage of survival, which grows widely in arid and semi-arid areas of Western Inner Mongolia. SP is used to prevent desertification and sandstorms. The SP needs to be cut down at intervals of 3-5 years with allometric characterization. However, the SP is thrown away and disposal of the waste usually causes environmental problems. Considering its lignocellulosic nature, plentiful and renewable supply, the preparation of activated carbon may be a promising process for using SP from both comprehensive utilization of wastes and environmental pollution control.
Generally, the preparation of activated carbon includes physical or chemical activation methods. Chemical activation is preferred to physical activation as it results in the production of activated carbons with low energy cost, high yields and well-developed porosity (Tounsadi et al. ) . Various activating agents such as NaOH, ZnCl 2 , NH 4 H 2 PO 4 , and H 3 PO 4 have been used. H 3 PO 4 is preferred due to environmental and economic concerns among various agents. Moreover, H 3 PO 4 contributes to developing both micropores and mesopores in the process of preparing activated carbon, and has proved to be a highly effective activating agent (Danish et al. ) . Thus H 3 PO 4 was selected as the active agent to prepare activated carbon from SP in this research.
Response surface methodology (RSM) is a statistical technique that explores the relation between several independent variables and one or more responses. There are several experimental design models in RSM, such as Doehlert Matrix (DM), Box-Behnken Design (BBD), Central Composite Design (CCD) and so on. Comparing with traditional univariate methods, the number of experiments is fewer in this method, which will save time and reduce cost.
In this research, the interaction effects of three independent variables including concentration of H 3 PO 4 , activation time and activation temperature on the adsorption capacity for CIP and NOR were investigated and the optimal preparation conditions were obtained by the BBD model. Furthermore, the characterization of the SPAC was carried out. The adsorption isotherms and kinetics were investigated and the detailed adsorption mechanism was discussed.
MATERIALS AND METHODS

Materials
SP was obtained from Erdos, Inner Mongolia of China. The ciprofloxacin hydrochloride (CIP, !98.0%) and norfloxacin (NOR, !98.0%) were purchased from Haizhengshenghua biotechnology limited company of Henan Province, China. All other chemicals used in this study such as H 3 PO 4 , HCl and NaOH were of analytical grade.
Preparation of activated carbon based on SP
The waste SP was crushed, washed with distilled water and dried. The particles of SP with the mass of 10 g were mixed with 100 g of different concentration of H 3 PO 4 solution (25-75% in weight) at the impregnation ratio (the mass ratio of H 3 PO 4 solution to SP) of 10:1 for 24 h at room temperature. The impregnated precursor were filtered and dried. The pretreated precursor was activated at preselected temperature and time using the muffle with a heating rate of 10 C/min. After cooling, the prepared products were washed with deionized water until a neutral pH value was attained. The activated carbons were dried at 70 C and sieved into uniform granules of 0.3-0.45 mm for further use.
Experimental design
The preparation conditions for the activated carbon were optimized through BBD to obtain the maximum adsorption capacity of CIP and NOR. The concentration of H 3 PO 4 (X 1 ), activation temperature (X 2 ) and activation time (X 3 ) were chosen as the independent variables and each of them was at three-levels (À1, 0, þ1). Table 1 summarizes the three process parameters with their respective ranges chosen. RSM based on BBD was applied using Design Expert version 8.0.6.1 (Stat-Ease, USA) statistical software to optimize the combination effect of the three variables. The response variable (Y ) that represented the adsorption capacity of CIP (Y 1 ) or NOR (Y 2 ) was fitted by a seconddegree polynomial equation (Equation (1)): where Y is the predicted adsorption uptake, β 0 is the constant coefficient, β i and β ii are the linear coefficients and quadratic term coefficient, respectively. β ij is the interaction term coefficient, and X i and X j are experimental factors (Kalavathy et al. ) . The optimum preparing condition of SPAC to adsorb CIP and NOR will be obtained from Equation (1). The adsorption capacity of CIP or NOR on SPAC was determined. 0.01 g of activated carbon was mixed in a set of 50 mL Erlenmeyer flasks containing 10 mL of CIP or NOR solution (100 mg/L). The flasks were shaken in a mechanical shaker for 24 h at 150 rpm and 35 C. Then the samples were filtered and the residual CIP or NOR concentration was analyzed using a UV-Visible Spectrophotometer (UV-2012PV, China) at maximum wavelengths of 276 nm and 273.5 nm for CIP and NOR, respectively. Each adsorption experiment was repeated three times and the average adsorption capacity at equilibrium, q e (mg/g), was calculated by Equation (2):
where C 0 and C e (mg/L) are the liquid-phase concentration of CIP or NOR at initial and at equilibrium, respectively. V (L) is the volume of the solution and M (g) is the mass of SPAC.
Characterization of SP and SPAC
The surface morphology and surface elemental composition of the sample were observed using scanning electron microscopy-energy dispersive X-ray spectroscopy (SEM-EDS) analyses (TSM-7500F, Japan). The N 2 adsorption/desorption isotherms and pore size distributions of SPAC were investigated with a surface area analyzer (Autosorb-iQ2, USA). The Fourier transform infrared (FTIR, NEXUS-470, USA) spectra of SP, SPAC, SPAC-CIP and SPAC-NOR were performed in the range of 4,000-400 cm À1 wave number. The point of zero charge (pH PZC ) of SPAC was determined using the solid addition method proposed by Rivera-Utrilla et al. 
Adsorption experiment
The batch adsorption experiments were performed in 50 mL Erlenmeyer flasks including 0.01 g SPAC and 20 mL of CIP or NOR solution under specific temperature and specific pH. The pH of the solutions was adjusted to the required value with 0.1 mol/L HCl or NaOH. Experiments were carried out in a similar method as described above. The adsorption capacity at equilibrium was calculated by Equation (2). Adsorption kinetics was carried out and the concentration of the antibiotic solution was measured at intervals of time. The amount of antibiotic adsorbed at time t, q t (mg/g) was determined by Equation (3).
where C 0 and C t (mg/L) are the concentration of antibiotic solution at the initial and any time t, respectively.
RESULTS AND DISCUSSION
Response surface results and analysis
Table S1 (available with the online version of this paper) presents an experimental design matrix with two response values obtained from experimental conditions. The final models based on the highest order polynomials for the adsorption capacity of CIP (Y 1 ) and NOR (Y 2 ) are expressed by Equations (4) and (5), respectively. The correlation coefficient for Equation (4) (R 2 ¼ 0.9888) and Equation (5) (R 2 ¼ 0.9844) indicates the qualitative agreement between the predicted and experimental result.
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The analysis of variance (ANOVA) for CIP and NOR adsorption are given in Tables S2 and S3, respectively (available online). The values of Prob. >F less than 0.05 indicates the model terms were significant. The smaller P values and larger F values suggested more significance effect of the corresponding variables (Radaei et al. ) . It could be inferred the concentration of H 3 PO 4 and activation temperature were significant effects on the adsorption of CIP and NOR. The interaction effects between the variables were insignificant. The 'Lack of Fit F-value' of 4.78 and 2.97 implied the regression models were valid for the removal of CIP and NOR. Figure 1 presents the 3D response surfaces plots for the interaction effects between the variables. Figure 1 (a), 1(b), 1(d) and 1(e) show the rapidly increased of adsorption capacity with increasing H 3 PO 4 concentration and then the values remain constant for CIP and NOR. This phenomenon was a contribution to the formation of an insulating layer by excessive H 3 PO 4 . From Figure 1(b) , 1(c), 1(e) and 1(f), the adsorption capacity of CIP and NOR was found to increase gradually and then declined with the increase of activation time. The tendency was in accordance with the effect of activation temperature. It could cause the shrinkage of the char and collapse of the carbon framework with further increasing of activation time and temperature (Kalavathy et al. ) .
From the models, the optimal preparation condition of activated carbon was obtained using an H 3 PO 4 concentration of 67.83%, activation temperature of 567.44 C and activation time of 86.61 min, resulting in 76.48 mg/g and 86.23 mg/g of adsorption capacity for CIP and NOR, respectively. Six experiments were carried out at the optimal condition to verify the accuracy of the prediction. The predicted and experimental values of adsorption capacity for CIP and NOR are given in Table S4 (available online). It was observed the relatively errors were less than 5%, which indicted the experimental values were in good agreement with the predicted values from the models.
Characterization of SP and SPAC
Figure 2(a) and 2(b) show the surface morphology of the SP and SPAC, respectively. A distinct and well-developed pore structure was observed on the surface of the SPAC. The changes were attributed to escaping volatiles during the activation processes. The EDS of SPAC was carried out to identify elemental contents. The energy spectrum analysis ( Figure S1 , available online) showed the following contents: C 84.42%, O 9.77%, N 3.58%, P 2.24%. The presence of P is due to P atoms bonded to the local oxygenated surface during the activation process (Benadjemia et al. ) . The relatively high content of C implied the SPAC had been activated successfully.
The N 2 adsorption/desorption isotherm and the pore size distributions were conducted to determine the textural properties of SPAC ( Figure S2, available online) . The hysteresis loop could be observed around 0.40, which was caused by capillary condensation inside the mesopores. It indicated the SPAC was a complex substance with both micropores and mesopores. The specific surface area (S BET ) of the SPAC was calculated to be 1,328 m 2 /g using the Brunauer-Emmett-Teller (BET) equation, which indicated the SPAC is an excellent adsorbent material with a large specific surface area.
The FTIR of SP, SPAC, SPAC adsorbed CIP and SPAC adsorbed NOR are shown in the obvious band at 3,430 cm À1 was attributed to the stretch vibration of O-H. The peak at 2,921.67 cm À1 indicated C-H stretching vibration of aliphatic carbon. The peak at 1,736 cm À1 was assigned to the stretching vibration of C ¼ O, which was the characteristic peak of hemicellulose (Pandey & Theagarajan ; Himmelsbach et al. ). The peak at 1,624.51 cm À1 and 1,509 cm À1 could be attributed to the stretch vibration of C ¼ O from carboxylic acid with intermolecular hydrogen bond and aromatic skeletal vibrations (more pronounced in guaiacyl-type lignin), respectively (Han et al. ) . The strong band at 1,050 cm À1 was owing to the CH 2 -OH group, which is the representative peak for polysaccharides. As shown in Figure 3(b) , the peaks at 1,736 cm À1 , 1,509 cm À1 and 1,050 cm À1 disappeared after the activation, indicating much organic matter was decomposed and eliminated (Srividya & Mohanty ). The peak at 1,176.97 cm À1 could be attributed to the stretching vibration of hydrogen-bonded P ¼ O groups from phosphates or polyphosphates, the O-C stretching vibration in the P-O-C of aromatics linkage and P ¼ OOH (Puziy et al. ) . This means that the interaction between the phosphate group and the SP resulted in the formation of phosphoric compounds. After the adsorption of CIP and NOR, the increasing bands at 1,709 cm À1 and 1,705 cm À1 were assigned to the stretching of C ¼ O from CIP and NOR, respectively. The peak at 1,454.13 cm À1 could be due to the bending modes of aromatic rings, which suggested the adsorption of the benzene ring of CIP or NOR onto the SPAC surface. The peaks at 1,264.06 cm À1 and 1,266.33 cm À1 can be assigned to stretching of the asymmetric C-N, demonstrating the interaction of the piperazinyl group of CIP and NOR with SPAC (Liu et al. ) .
Adsorption mechanisms
The pH pzc is a vital parameter of adsorbents to explore the adsorption mechanisms. The value of pH pzc obtained was 4.41 for SPAC, indicating the surface of the SPAC is negatively charged at pH higher than 4.41 and positively charged at pH lower than 4.41.
The CIP and NOR have two similar proton-binding sites (the carboxyl and piperazinyl groups) with pK a values of 6.1 and 8.7, 6.22 and 8.51, respectively. The relation of adsorption capacity to the pH values and different species (dotted lines) of CIP and NOR are depicted in Figure 4 and Figure S3 (available online), respectively. Taking the adsorption of CIP on the SPAC as an example, Figure 5 shows the adsorption mechanisms when the pH of the solution was different. The CIP molecules mainly exist as cation (CIP þ ) due to the protonation of the amine on the piperazine group at pH < 6.1. At pH 4.41 (pH PZC ), cation exchange is confirmed to be an important mechanism in the process of adsorption. The low adsorption capacity can be attributed to the electrostatic repulsion between CIP and the surface of SPAC. At pH between 4.41 and 6.1, the adsorption amounts increased with the increased pH of the solution due to the CIP molecules and SPAC surface having opposite charges. At pH 6.1-8.7, CIP can exist as zwitterionic (CIP ± ) resulting from the charge balance of the protonated amine group and deprotonated carboxyl. The electrostatic interaction might be weakened where hydrophobic interaction is enhanced. CIP has many electron-rich site groups such as ketone, carboxylic and aromatic groups, which might form complexes with electron-withdrawing groups upon deprotonation (Carabineiroa et al. ) . Furthermore, Hbond may be formed between deprotonated carboxyl functional groups and oxygen or hydroxyl groups on the surface of SPAC (Zhang et al. ) . When pH is above 9.0, the electrostatic repulsion between SPAC and CIP would result in decreasing of the adsorbed amounts. The adsorption mechanism of NOR was similar to that of CIP, and the maximum adsorption capacity was found at about pH 7.75.
In addition, the -OH could act on the SPAC as the π-donor, while the benzene rings with N-heteroaromatic ring and fluorine group on CIP or NOR molecules could act as the π-electron-acceptor (Li et al. ) . As a result, π-π electron donor-acceptor (π-π EDA) could be formed between the adsorbent and the antibiotics. In principle, the adsorption capacity of NOR is higher than that of CIP. This is probably because CIP is a relatively bulky molecule, resulting in the effect of size-exclusion. Moreover, NOR molecules have 
Adsorption of FQs by SPAC
Adsorption isotherm
Figure 6(a) shows the experimental values of adsorption equilibrium for CIP on the SPAC at 25 C, 35 C and 45 C. In this paper, the Langmuir (Langmuir ) (Equation (S1)) and Freundlich (Freundlich ) models (Equation (S2)) were used to fit experimental equilibrium data of uptake for CIP and NOR on SPAC and the fitting curves are shown in Figure S4 (available online). The relative parameters of models, the correlation coefficients (R 2 ) and a normalized standard deviation Δq (%) are shown in Table 2 . Δq is determined using the following equation 
where q e(exp) is the experimental value and q e(cal) is the corresponding predicted value from the models, and N is the number of measurements. From Table 2 , it is indicated that the Freundlich model is better than the Langmuir equation to fit the adsorption process of CIP and NOR onto SPAC due to the higher R 2 and lower Δq. The results suggested the adsorption performance of CIP and NOR on SPAC was on a heterogeneous surface with sites of varied affinities (Bayramoglu & Arica ) . The values of 1/n were less than 1, which presents a high degree of heterogeneity and a favorable process of adsorption for CIP and NOR onto SPAC. According to the Langmuir constants, the maximum monolayer adsorption capacity (q m(cal) ) of CIP and NOR on the SPAC was 251.9 mg/g and 366.9 mg/g at 25 C, respectively. The comparison of adsorption uptake of CIP and NOR onto different materials is given in Table 3 . This indicated the SPAC is an excellent adsorbent to remove FQs, with a large specific surface area and high adsorption capacity.
Adsorption kinetics
The experimental data of CIP and NOR adsorption on the SPAC were fitted by pseudo-first-order model (Equation (S3) Figure 6(b) shows the experimental values of kinetics for CIP on the SPAC. The fitted curves are also shown in Figure S5 (available online) and the parameters are listed in Table 4 . It can be seen that the equilibrium was reached at about 24 h. Due to relatively higher R 2 and lower Δq, the model of the pseudo-secondorder is better for prediction of the kinetic process than the pseudo-first-order in the experimental conditions. This result implied the chemisorption dominated in the process of adsorption for CIP and NOR onto SPAC. An intraparticle diffusion model was also used to verify the influence of mass transfer resistance on the adsorption of FQs to the SPAC (Figure S5(c) and (d) ). It can be seen that the adsorption process divided into two linear sections. The first linear portion represented the diffusion of CIP or NOR molecules from solution to the external surface of SPAC. The second section contributed to the internal diffusion of CIP or NOR from the external surface to the internal pores of the SPAC. The plots did not pass through the origin, indicating the intra-particle diffusion was not the unique rate-controlling step (Sun et al. ) . It should be noted from Table 4 the values of k ti decreased with the increase of time, which indicated the decrease in the chance of external mass transfer. Moreover, the value of C increased, indicating the thickness of the boundary layer increased (Hameed et al. ) . This indicated that both the mass transfer rate and thickness of the boundary layer increased with the temperature increase due to the increase of k ti and C i at the same stage.
Regeneration and reusability of SPAC
The use of an adsorbent in waste-water treatment depends not only on the adsorptive capacity, but also on how well the adsorbent can be regenerated and reused (Bayramoglu et al. ) . In this research, desorption of adsorbed CIP and NOR was studied in a batch system with 0.1 mol/L HCl for 2 h. Under these conditions, up to 96% of the adsorbed CIP or NOR was released. Five consecutive adsorption-desorption experiment cycles were performed to evaluate the reusability of SPAC ( Figure S6 , available online). Comparing with the initial SPAC, the adsorption capacity decreased to 68.94% and 66.37% after five cycles for CIP and NOR, respectively.
CONCLUSION
RSM was successfully applied to explore the effects of concentration of H 3 PO 4 , activation temperature and activation time on the adsorption capacity of FQs to prepare activated carbon. The optimum preparation conditions of activated carbon were obtained using 67.83% H 3 PO 4 concentration, 567.44 C activation temperature and 86.61 min activation time. The Freundlich isotherm model was better fitted with the equilibrium data than Langmuir model. The kinetic calculations showed the adsorption process fitted the pseudo-second-order model well, and intraparticle diffusion and boundary layer control jointly affect the adsorption process. The cation exchange, electrostatic interaction, hydrophobic interaction, H-bond and π-π EDA interaction play probable roles in the adsorption of CIP or NOR on SPAC. The desorption experiment also indicated the SPAC had a good regeneration capacity. Based on the results obtained from this study, SPAC was shown to be a promising adsorbent for removal of FQs from aqueous solution.
